- - - 4 P IR e O - +
YGG 1750 oanT o (WLvR) RTIT L L ghadSuaruM=aad

ST =00 WMo ML EVYLT Tuven (FL ¢ l=nt=YuYn)

8861 'G¢ 18903100
opeloj0) ‘18AuUa(

dOHSYHOM-34dd

|

SHIAIAOHd ANV SHISN TVIOHIWINOD HOL SAILINNLYOdd






880¢-L9% (202) ovzr-6Ly (207)
oj[giq Yuerd "IN 1anny "D ydasof I

dnous aoedg [EIIWWO)) YOIMIBIN I83d/3Ure0g

8€92-€Sy (207) Z911-£5¥ (207)

olsuinbieq utAsy "IN wiadiey g preyary I
uolr)g edg Jo AIPO

0681-€S¥ (202) 77L8-€SY (207)

NIy ABY TN uyey| SuA Iy SW

surgx§o14 [Br2I2UIWO0)) JO NMPO

:0} P21021Ip 3q P[NOYS SUONEBIUISIId 253U} 0} IA1R[9 UONEULIOJUL
dn-moj[0] 10 suonsonb AUy “S3IMIUSA P3je[21-00eds Ul JUSUNSIAUI PUE JUIUISAJOAUL
[ENPIAIPUI PIEMO] PIRAIP $INMNdE ddoeds [ePIOWWOd pue WOP3Iali UONEIS
2oedg Jo maraIoa0 ue 9plao1d ‘UIRIdY PaUTeIUOD UOISSIS doysyzom-21d siyy Suunp
uaa13 suoneiussaxd oy, ‘sweidold [eRIawwo) Jo NYJO S, YSVN £q pouawardu
Suraq weidord 20edg jo SOSM) [BRISUNUOD Y YM Ansnpur "g') 9zueITUIE]
0} 8861 ‘Sz 19Q010Q U0 P[2Y Sem UOISSIS doysyzom-a1d e ‘g861 ‘87-9T 1240100
U0 OpRIO[O)) ‘I9AUS(] Ul P[3y dOoysyiop Wopsal uonels soedg 23 03 Jounfpe ue sy

qIoMITIO0d




TABLE OF CONTENTS
Subject
Commercial Uses of Space Program
Overview
Space Station Freedom Program Overview

Attributes of Space

Domestic and International Commercial
Space Activities

NASA'’s Centers for the Commercial
Development of Space (CCDS)

Cooperative Agreements and Resources
Available to Support Commercial Space
Ventures and Projects

33
59
163

183

206

ii




MIATATIAO NWVIDO0dd
HAIVAS 40 SHASN TVIDOTANINOD

I NOLLOJS







\

dnoug) aseds |e1djawwo) R
%oIMIBW jB3d/Bulaog
1auny ' ydasopr

MaIAIRAQ weuboud
?oedg
J0
SasM) elolowwo)

pro1miew 1eed

{Buieog




Agenda

Boeing |

Peat Marwick |

Background

National Space Policy
Commercial Potential of Space
The Competition

Support for Industry involvement




MWL Y] IIY

@E

aoudg
[awwoy

ANNOHOANOVE

dnouy asedg [e1osowWo)
oimiep 1ead/buieog




Background
Evolution of Commercial .
Space gﬂ . y
Space
Orbit
h ices
Remote
@ Sensing @WW * Madical
¢ Control
Materials of Eerth
) : Operations
B> (e e
(&> Space {MPS) Rosourem
—] Transportation Navigation . u.ﬂh.. _
Communications Groéund
m.BSW M.So_n
Sensing rvices
[ 1 " 1 _@ 1 1

1960 1965 1870 1975 1880 1986

i
Post
1990 1995 2000 2000

A3
[ ocinG e

x

4

|

Y




o861 0461 0861 0s6L oré6l [+21:18 0z61 0L01 0061

€061
810u101g WOLM

6c84
L1
vL6L 202 Bupeog seddyd pig Busog
pIodUOD ,
8_2 -
soedg
RWWo)

ﬁ anbojeuy AI0)SIH uoneIAyY

punoibyoeg




Space Policy

Commercial

Space

National Aeronautics & Space Act - 1958 (PL 85-568)
Presidential Directive - National Space Policy - July 4, 1982

Land Remote Sensing Commercialization Act - July 17, 1984 (PL. 98-395)

Commercial Space Launch Act - October 30, 1984 (PL 98-575)
- Licensing by Dept. of Transportation

Executive Order - Facilitating Access to Science & Technology
- April 10, 1987

Presidential Directive - National Space Policy - February 11, 1988

e

Peat arwick




NIUMIEN 189d

@E

. 808dS JO eSN [BjOI8WIWOD 88|IN}

2y} ‘ajqIssod JusiX9 wnw|xewWw oy} o} eBvinosus

pue Yees uopens|ujwpy edrds pus sajneuoclaY

JeuopBN 8y} 1By} seujnbes salRIS palun oul JO

asujjem [uioueB ey Jey) seswjoep ssauBuo) ayy,,
1P861L Ul 19£-86 1'd Aq pepuswe sy (9) Z0L UONDRS »

«'JOBI0Y] SYNSEJ BLj) PUB SI{IA[IO8
s} Bujuiesuod uopsujwess|p eyedoidde
pue ejqeopiouid jsepim e} 10} epjacid™,,

(g)(e) £0Z UopORS o

1oV YSVYN dised

n3ewwe)

8661 - 10y @0edg pue So1INBUOIAY |euolieN




National Space Policy - February 11, 1988

ﬁ Boeing |
Peat Marwick |

« Acknowledges, for the first time, a separate non-governmental
commercial space sector

« Policy Directive States:

+ U.S. Government shall not deter development of commercial
sector

« Government Space sectors shall purchase commercially
available space goods and services to fullest extent feasible

« Commercial sector shall only be regulated/supervised to extent

required by law, national security, public safety and international
obligations

» Reiterates continuing national committment to Space Station

« Promulgates a fifteen point Commercial Space Initiative
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Boeing/Peat Marwick

Commercial Space Group T
Commercia
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The
Commercial
Potential
of
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Attributes

Extraterrestrial Vantage PITEN

Commercial

Space

|

Satellite Ground Tracks " BOEING | @ v
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Applications
Extraterrestrial Vantage T

Remote Sensing

« Meteorology
- Weather Observation
- Thermal Balance
- Storm Warning

« Earth & Ocean
Observations

« Search & Rescue

Hurricane Elena
Sept. 2, 1985

= S
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Attributes

Near Earth Environments

. . /

™.

Commercial

« Solar Radiation

+ Low Temperature Deep Space

High Vacuum

Earth Orbit Atmosphere
lonizing Radiation

Meteoroids/Debris

Microgravity

+ Earth's Magnetic Field

lonosphere

Space

Microgravity in
Orbiter STS 51-D
Vit
|_BOEING SO

j
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The Competition

mom.:ﬂ

Reat Marwick |

« Transportation

» Remote Sensing

+ Materials Processing

18
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International Space Transportation Comparison

Table IVb
, Launch Services Launch and On-Orbit On-Orbit Services
ﬂ n | Services
resent ! € dAnbi
| s p Expendabl U ed Reusable Inter- Man
%u@.&.i r_”h....:nAMrS ...._vmg mv_._“"_naw-o.... Sp Pllot aft 03.._. Transfer ;!..hu_“n.._:o
Arlang'1- 4. EURECA
ESA |
|
FRANCE
GERMANY| TEXUS
BRAZIL Sonda
SLV-3
INDIA ey
[} “offers commercial services" E @

Peat Marwick \
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International Remote Sensing Comparison

Table ViIb
Present Meterological | Earth and Ocean Ground - Based
Satellites Observation Research
1 Metosat 1

ESA Metosat 2

m insat - 1 IRS - 1
Insat - 1B
INDIA i Insat-1C

BRAZIL

CHINA

|

CANADA

[E) "offers commercial services” BOEING @

Peat Manwick
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International Microgravity Facilities Comparison

Table Ib
Terrestrial Orbital Syst
p Facilities Suborbital rofial oystems
resent :
i Nﬂnwﬂ Labs Aircraty Systems Unmanned |Man-tended| Manned Space
o towers Aerostats Spacecraft | Spacecraft | Spacecraft | Stations
BRAZIL Sonda
INDIA | Rohini RH 300
W u m
DENMARK , G :m___uom
SWEDEN |
NETHER - | Fiunter
LANDS “ \rbe-prop
CANADA
AUSTRALIA
[ “otfers commercial services” E @
[ Peat Marwick | y
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Available Support Avenues
mo@

Peat Marwick|

. NASA Cooperative Agreements and Facilities
. Centers for the Commercial Development of Space (CCDS)

. Boeing/Peat Marwick Commercial Uses of Space Group

26
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SERVICES TO SUPPORT THE
COMMERCIAL USES OF SPACE

mom.:m_

Peat Marwick]

« Scope

Develop and implement a program to stimulate and
sustain domestic commercial interest and investment
in commercially oriented space-related R&D activities.

* Goal
Receipt by NASA of credible proposals:
- private investment capital
- agreement benefitting both NASA and private firms

28
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ALLOCATION OF STANDARD INDUSTRIAL CLASSIFICATION
CODES TO MAJOR ECONOMIC ACTIVITIES

Boeing |

=<1

& Real Estate

EXTRACTION FABRICATION SERVICES
DIV.|  SECTOR DIV. SECTOR DIV. SECTOR
|
Transportation |
Agriculture . ! '
A g J c Construction E Communications,
Forestry, & Fishing Sanitary Services
B Mining D Manufacturing F Wholesale Trade
|
G Retall Trade “
]
|
H Finance, Insurance, ,_
|
|

Services (Health,
Business, Legal,
Repair, etc.)

Peat Marwick |
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To Be There Tomorrow....

Act NOW!

"QOur willingness to accept the
challenge of space will reflect
whether America's men and women
today have the same bold vision,
the same courage and indomitable

spirit that made us a great nation"

Ronald Reagan

=

Commerclal
Space

Peat Marwick

32




MHATATHAO
NVIOD0Ad WOATHId NOILLVLS HOVdS

II NOLLOHS







£e

8861 ‘ST ¥380.100
uoness adeds jo adiy0
uolsiAlq suofiesadQ pue uonezin doysxiom wopaai4 uoneys adeds
NY¥3d4TVH QUVHOIY ay) 03 pajuasald

M3IIANYIAO WVHDOYUd INOQITHd NOILVLS IDVdS

uonensiviwpy areds
pue s)ineuosay jeuciien

VSVN




1984 STATE OF THE UNION

E

“America has always been greatest when we dared to be great. We can
reach for greatness again

e can foliow our dreams to distant stars, living and working in space for
peacelul, economic and scientific gain. Tonight, I am directing NASA to develop
a permanently manned space station and o do it within a decade.

A space station will permil quantum leaps in our research in science,
communicaltions and in metals and life-saving medicines which can be
manufactured only in space.

We want our friends to help us meet these challenges and share in their
benefits.

NASA will invite other countries to participate so we can strengthen peace,
build prosperity and expand freedom for all who share our goals.”

President Ronald Reagan
1984

34
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FILE NAME

SPACE STATION PROGRAM OBJECTIVES

Develop a permanently manned Space Station by the mid 1990 s
Provide useful and affordable capabilities

Enhance space science and applications

Help realize the commercial potential of space

Implement international agreements

Design for evolution
Push automation and robotics technologies (design in and scar)
Provide early man-tended capability

Blend manned and unmanned systems and capabi

36
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BASELINE CONFIGURATION DIMENSIONS

38
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LIFE SCIENCES RESEARCH
ON SPACE STATION

GOAL: To advance knowledge of the fundamental behavior of
living cells; to guarantee the health and safety of
astronauts living and working in space; and to understand
the evolution of life in the universe.

*» SPACE BIOLOGY
— Gravitational Biology
— Developmental Biology

« SPACE MEDICINE
- Sensorimotor Integration
— Bone and Mineral Metabolism
— Cardiovascular and Pulmonary Functions
- Muscle Atrophy. Anemia. Nutrition. Behavior

» EXOBIOLOGY AND BIOSPHERICS
— Cosmic Evolution of Life
— Globat Study of Life Processes

40
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ASTRONOMICAL RESEARCH
ON SPACE STATION

research, such as:
{Multi-Decade) Observation Times
trch
w5 to Payloads

+ ASTROPHYSICS
— Ornigin and Composition of Cosmic Rays
— Study of Galaxy Clusters

LANETARY PHYSICS
- Se r Other Planetary Systems

Station

42
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MECHANICAL INTERFACE - EXTERNAL ATTACH POINTS

® Four utility parts available on truss
-- Utilities available: power, command and data, video and high
rate data, thermal control, GN&C data, etc

® Two sets of payload attach equipment provided, including:
-- Station interface adapters
-- Payload interface adapters
-- Deck carriers
-- Multiple payload adapters
-- System support module

e Payload Pointing System
-- Three axis pointing
-- CG Yoke design
-- Stability: thirty arc seconds peak-to-peak

® Additional small attached payload accommodations are under
consideration

44




ATTACHED PAYLOAD ON PAYLOAD

POINTING SYSTEM

45



7 e
Y, POWER SYSTEM

Total powe. ivailable - 75kw

® User power available - 45kw

Main bus - 440 volts, 20KHz, single phase

® Direct user interface - 208 volts, 20KHz, single phase

Station - provided converters at each payload
-- 120/208 volts, 60 hz, single phase

-- 28 volts dc

-- User charged for conversion losses

® Maximum available at one double rack
-- 15kw at six special double racks
-- 3kw at all other double racks

& Maximum available at one external attachment point
-- 10kw for payload
-- 2 kw for Station-provided subsystems

46




Ly

W42 01Z-ST mojj iy -
1,0L1-05 dwayay -
(s1np ou) swnud|d yeleip -
buijoos Jie - syped o 9,08 -
saye|d p|o3 - s)yded JO %0Z --
ajepajul yoey e

saje|d pjo - 3deyd3u| peojAed paideny e

MYGP - 1asn 10} Aypeded uolydafalieaq e

INILSAS TOYLNOD TVINYIHL 4 \w
B




. R0
Q\\ DATA MANAGEMENT SYSTEM

® Provides communication path transparent to users
e Allows remote control and monitoring of payloads
® Provides common crew interfaces

e Employs local area networks and local buses

¢ Data link formats
-- Serial links
-- International standards will be used
-- Low rate example - RS 232 at 9600 band
-- High rate example - MS 1553 at 1 Mbs

e Maximum data rates
-- At attached payload ports: 10 Mbs
-- At racks: 1-100 Mbs, depending on rack
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OPERATIONS CHARACTERISTICS MANNED BASE
SPACE OPERATIONS (Continued)

ON-BOARD ACTIVITIES (Continued)

e Crew Support Concept

Eight Person crew at Phase 1 completion

Two four -person shifts per day

Nine hour workday, six days per week

Approximately three people per shift available for users

-- EVA: eighteen hours/week, shared between users and station
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NASA

National Aeronautics and
Space Administration

POLAR PLATFORM

® Orbit parameters
-- Altitude: 824km
-- Inclination: 98.7 deg

e Attitude
-- Orientation: LVLH
-- Stability: .002 deg

¢ Payload capacity
-- 3000 kgm (Titan IV or
ASRM STS)

® Power
-- 2.5kw total
-- 1.1kw for users (208v, 20KHz)

® Data rate

-- 300 Mbps
-- S-band and Ku-band over TDRSS

® Thermal Control

-- Dissipation for user: 1.1 kw
-- Cold plates and radiators
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[ MILESTONE FLIGHTS

First Element Launch Man-Tended Capability

Permanently Manned Capability Assembly Complete
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HOOKS AND SCARS FOR EVOLUTION

THERMAL CONTROL SYSTEM

» Huid hines and pumps sized tor growth

» {ine tees and capotfs planned for growth

* Power d
growth

POWER MANAGEMENT AND -~
DISTRIBUTION SYSTEM

Power cables sized for growth and space
provided for addittonal cables f more growlh
needed

Connectars provided for additonal bus switchay

units

Space provided tor additional switching/
distrbu units if required

DATA MANAGEMENT SYSTEM

Extra ports for network interface units
tworks, subsystem data processors,
tion consoles etc

ntral proc essor

0! s1ora¢ is

Maodular de

OS3TY 138

NATA PT

oA
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KEY PROGRAM CHALLENGES

rrmanence |, maint ability and evolution
schedule

a-sembly and operat design with transportation capabihities
Manage systems engineering/integration
Estaniish effective techmical management and information system (TMIS)
Incorporate new technologies, batancing cost, schedule and technical nisks
Understand and incorporate operational costs in planning and design
Secure commercial participation in Station developm
Orchestrate international dimension
Maintain customer focus when time, money and engmeering begin to pinch

Assemble and checkout on-orbit
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Evolution of Commercial Space

A ~OR2
m Remots
Medical
Sensing .
* Control
Materials of Earth

Processing| Opersiion
inSpece | oo
(3 Space {MPS) Resouroms
—— Transportation Navigation . u....h...
Communications Ground
Rsmots mo-w““.a
Sensing
L ek L TS _
1960 1965 1970 1976 1880 1986 1990 1995 2000 2000
[ soeinG 18

Peat flanwick

60




19

\
Horae) iedd
@ [ on1308 |
Jaufiisap ay) 0y abuajeyo v
uojjezjjerdsawwod Joy Ajjunpoddo uy
JuswuoiAus anbjun y
odwdg
[e2IeuIw0)
. adeds Jo sainquuy
.




Attributes and Environments of Space

This chart shows the nine attributes and environments of space at
low earth orbit altitudes. Each Is described and discussed in more
detail in the remainder of the document.
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Attributes / Environments %

Commercial

Space

1. Extraterrestrial Vantage
Point

= )

Peat Marwick
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Extraterrestrial Vantage Point 3

Commerclal

Space

Peat Marwick
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Satellite Ground Tracks

Commaercial
Space
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Use of Extraterrestrial Vantage Point

« Communication relay node
 Earth remote sensing
« Solar/stellar observations

« Navigation node

Commercial
Space

BOEING @
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Earth Remote Sensing Evolution

The chart shows the evolution, past and predicted, in earth remote sensing by
satellites. 1t shows the development of satellite ground stations in the 1970's,
the United States Landsat Earth Resources satellites, and the recently
jaunched French SPOT satellite. Predicted for the 1990's are synthelic
aperture radar satellites and large platforms typified by the proposed NASA

Space Statlon.
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Civilian Earth Remote Sensing Missions

» Meteorological

« Earth resources

Agriculture and forestry
Hydrology

Geology

Land use mapping and planning
Environmental monitoring

Marine and ocean resources

« Search and rescue

= S
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Hubble Telescope

T

Commarclal
Space

Pcat Marwlck

78




6L

‘je9) j0 sUB)l UlYlM O} Ajejeindoe uojiisod S|y eujwialep ©0) o|pes

e yim yueo oyl jo 998yINs eyl uo euo Aue Mmojie 0} A|snonujiuod sjeubis ojpes
weeaq {||m Aey) s)qio esoyl wol4 ‘sejjw 000'LL jo epmiiie ue 1@ (Nqio Jad 9)
s}jqio lejod e)eiedes eeiy} U] ©q |[|M s$9)||1018s oyt ‘uopeBjaBu 8BNS IO}
sa)lj(e18S JeiSABN 8l JO WJomjeu B ysjjqeise o} Bujuueid s) edsso4 sy ‘S'n oYy

walsAg uopebiaeN allj181eS J1eisaeN




Navstar Satellite Navigation System
g T

Commercial

Space

Peat Marwick
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Microgravity

Microgravity conditions In spacecraft create unique opportunities for
experiments. All objects In orbit are in free fall and have no apparent
weight. There are no convection or buoyancy effects in gases or liquids.
The use of small thrusters to control the attitude and position of a satellite
Introduces effective gravitational forces. On manned missions there will be
somewhat more gravity due to astronaut movement.

In the picture astronsuts Carr and Pogue demonsirate superhuman strength in
thelr pose. This weightiess freedom actually Inhibits astronaut performance
for some tasks requiring application of external forces. Candle flames
demonstrate the lack of air convection in a weightless atmosphere where hot
combustion gases are not drlven upward by heavier cold gas below. .Such lack
of convection and buoyant separation allows growth of much larger and more
uniform crystals such as mercuric lodide shown here.
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Physical Processes Affected by Microgravity

Microgravity results in the weakening of natural phenomena such as convection,
sedimentation, bouyancy, hydrostatic pressure, and the necessity for container
walls. The removal of these phenomena has a significant impact on many aspecls
of the processing of materials and on sclentific research in areas such as studies
ot combustion and fluid .transport phenomena.

There are large uncertainties in the current understanding of microgravity phenomena
and a strong research foundation must be built for commerical applications.
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Vapor Crystal Growth in Microgravity

Microgravity conditions enhance the quality of manutactured crystal products.
Experiments on Shuttle produced significantly larger and higher quality crystals.

Vapor crystal experiments in space have produced surprising and unexpected
results. The flight samples had loose, web-llke structures of large platelets.
These experiments also produced thin crystals that grew In the gas atmosphere
instead of on the ampoule wall. Some of the crystals were significantly larger
than those produced on Earth; for example, one of the space-grown crystals was
about 20mm by 10mm. Also, the experiment samples make It very clear that the
more uniform microgravity growth conditions have a beneficlal effect on surface
and bulk morphology; for example, the defect density Is lower (about 1% of ground-
based processing) and the samples have much better planarity.
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Summary Materlals Processing in Space

Applications of the microgravity environment can be categorized by scientitic
discipline, by process, by type of experimental or production facility or by end
product (research results or physical products).

The accompanying table was abstracted from the Microgravity and Materlals
Processing Facliity (MMPF) contract report and represents an approach which
combines some of thess methods of categorization (the MMPF study Is an ongoing
contract effort sponsored by Marshall Space Flight Center and performed by a
Teledyne Brown Engineering/Bosing team). The discipline areas shown form the
basis for the definition of experimsnta! facilities for the U.S. Laboratory Module
of the Manned Space Statlon.
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Attributes / Environments

3. Solar Radiation -
High/Low Temperature

Commercial

BOEING @
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Spectral Distribution Curves
Related to the Sun p=cs)
Commercial
Space
2500 JLEN0 S A N S A R B A N S ML A AN S AN BN AL B RN BN S B B B S ¢
Shaded areas indicate absorption, at sea level,
due to the atmospheric constituents shown.
2000 - =1
Solar irradiation curve outside atmosphere
1500 Solar irradiation curve at sea level ]
Curve for biackbody at 5900°K
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Solar Furnace 3

Commercilal
Space
High temperatures readily available using solar furnaces
mcs_a
.Al High temperature region

(up to 6000°K)
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Parabolic reflector E
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High/Low Temperature Heat
Sink/Source

A combination of the solar radiation as a heat source and the low temperature
background as a heat sink can be used to solve the increasingly complex problem
‘of total thermal control of spacecrait.

Sunlight can be used with solar panels to produce electrical power for spacecrafl
operations. High temperature furnaces can be operated by using a solar concentrator.

The low temperature background can be used as a sink for waste heatl from
manutacturing applications and can also be used to operate heat engines at
high etticiency.

The complete thermal contro! of spacecraft operations can be achieved using a
balance of heat input with solar thermal collectors and heat output using thermai

radiators.
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High / Low Temperature Heat Source /Sink
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Atmospheric Pressure and Neutral
Molecular Mean Free Paths

On the left the chart shows the decrease of atmospheric pressure with altitude
for typical conditions. Significant variations can occur, caused by changes In
solar activity. Large space chambers can be used to simulate atmospheric
pressure (and other) conditions for values above about 10°° torr, corresponding
to altitudes below approximately 1000km. On the right the chart shows that the
particle mean free path (average distance traveled between collislons) Increases
with altitude. At low earth orbit altitudes MFP Is much greater than spacecraft
dimensions.

The mean free paths in the chart have been estimated for neutral particles in a
typical atmosphere having an average molecular constituency. The neutral particle
mean free path, which is determined by elastic (non-coulomb) collisions Is of the
order of 10 to 100km at low earth orbit altitudes, Indlcating that self scattering
is negligible.
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Space Ultra-Vacuum Facility Concept

At 300km the atmospheric pressure is about 10 710 "% torr. Some processes,
including the growth ot pure crystalline flims with molecular beams require
even lower pressures. The speed of a spacecraft In orbit Is greater than the
speed of the residual particles in the atmosphere, which means that there is
a very low pressure region in the wake of the space craft.

The space ultra-vacuum research facilty (SURF) proposed by NASA/MSFC
utilizes a large concave wake shield to produce an exceptionally low pressure
in low earth orbit. Support Iinstrumentation is located on the concave side
facing the orbital direction. Experiments are conducted at the center of the
convex side In the wake region of the shield. Pressures around 10 ~'* torr
behind the wake shield would support malecular beam epitaxy (MBE) and
chemical beam epitaxy (CBE).
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Wake Shield Deployment by Orbiter

The shuitle provides an opportunity for easy deployment of the wake shield
ultra high vacuum system using a8 remote maneuvering boom. Many options
tor the deployment of the shield would be ‘available on the space station.

The effectiveness of the wake shield can be enhanced by orienting the shullle
so that the shield is already in the wake of the shuttle. Care must be taken
so that gas leakage from the shuttle itself does not negate the effects of the

shield.
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Atmospheric Constituent Number Density
(Maximum and Minimum Solar Conditions)

O » Atomic Oxygen
He = Halium
02 = Oxygen
Ng = Nitrogen
Ar = Argon
H = Hydrogen
Hinin
Hepin
Ormax

Altitude, km Hermax

N2 max

10 1 108 108 1010 o7 g
Constituent concantration, em'3
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Neutral Atmosphere Density and Temperature
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Atmospheric Particle Flux and Temperature

Surface Interations T

Commercial
Space
Flux on spacecraft ram surfaces .nB.n sec'1)
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300  nitrogen Total ram flux
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200 - //
~N //
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Residual Atmosphere and lonosphere
(At Low Earth Orbit Altitudes)

The earth's stmosphere extends tenuously to Low Earth Orbit allitudes as
described In the previous Section. The neutral particles are mainly atomic
oxygen produced by Solar photo dissociation of molecular oxygen. Approximatiey
one percent of the oxygen atoms are photo-ionized producing a plasma known as
the lonosphere. The plasma consists mainly of positively charged oxygen ions
and electrons and negative oxygen lons. Aithough It represents only about one
percent of the gas, the plasma determines many of the properties of the gas such
as the electrical conductivity »id the propagation characteristics of electro-
magnetic waves. i

The neutral and charged particle densities will be much higher on the forward
facing (or RAM) surfaces and much lower on backward facing (or WAKE) suriaces.

The characteristics of -the lonospheric plasma are described In the following
charts,
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Charged Particle Densities
and Temperatures

The bar chart shows the range of densities and temperatures for the major
ionized species in the lonospheric plasma. As is the case with the neutral
particles the ranges are due in great part to variations in solar sunspot
activity and diurnal variations. It should be noted that the charged particles,
unlike the neutral particles, are not in thermal equilibrium, the temperature
of the electrons being considerably higher than that of the ions. This, coupled
with the smaller mass of the electrons means that the velocities of the
electrons are much higher than the velocity of the spacecraft, which In turn

is much higher the ion and neutral particle velocities,

“An orbiting spacecraft Is supersonic with respect to lons and stationary with
respect to electrons”.
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Natural Plasma Environment

The chart summarizes in tabular form the plasma and charged particle
data which has been described in the previous few pages for typical
ambient conditions In a 400 km low inclination orblt. The table shows
the ion and electron number densities and temperatures and the assoclated
thermal velocities. The thermal velocities are shown both in units of
km/sec and the satellite orbital veloclty, Vs. Numbers are siso shown
for the lon and electron fluxes per unit area ot the satellite. The ion and
slectron gyro radii In the earth's magnetic field are also shown. The
electron gyro radius is only 0.033m. Indicating that the electrons are
almost completely constrained to move parallel to the magnetic field
lines and that the propertles of the lonospheric plasma will be very
anisotropic.
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lonospheric Wave Propagation

The ionospheric plasma has a dramatic effect on electromagnetic wave propagation.

The elsctron density (Ne) in a plasma determines a natural frequency called the
“plasma frequency”. Numerically the value of the plasma frequency s given by
fp=8980 Né/2 Hz At frequencies above the plasma frequency selectromagnatic waves
are transmitted without significant loss, whereas at frequencies below the’ plasma
frequency the wave is rapidly attenusted. If a wave is propagating through a plasma

in which the density is increasing with distance, the wave continues to propagate until
it reaches the point where its frequency is equal to the plasma frequency and it is
then reflected.

The plasma frequency In the lonosphere Increases with height to a maximum value and
then decreases. it the frequency of the electromagnstic waves Is higher than the
maximum the waves peneirate the i phere. If not, they reflect at the appropriate
height as shown in the chart, and communication "over the horizon™ Is possible. For
communication between the surface and a satellite the signal frequency must obviously
exceed the maximum plasma frequency In the lonosphere.

A plasma, particularly one with a magnetic field, such as the i phere, Is capabl

of supporting s wide variety of propagation modes including accoustic and hybrid
modes. The opportunity to perform propagation experiments in the lonospheric plasma
is one of the attractions of the low earth orbit environment.
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Magnetic Field Contours
Commercial
Space
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Tethered, Electrodynamics Mission

Peat Marwlck
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lonizing Radiation

The near earth space environment is bombarded by high energy particles: protons,
electrons, alpha particles, and other lons. Some of the particles have sufficlently
high energy that they can penetrate material and in so dolng they lose energy by
Jonizing the material. They sre collectively called "lonizing Radiation™.

There are three main components of this natural radiation surrounding the earth:

the trapped Van Allen belts (protons and electrons trapped by Earth's magnetic fieid),
galactic comlic rays (protons and high energy ions orginating outside the solar
system) and solar cosmic rays (protons and alpha particles emitted by intense solar
flares, 30-50 such events per 11-yesr cycle). The different components of the
radiation are discussed in the next few charts.

The high energy, highly charged ions of the GCR can be simulated at only a few
tacilities worldwide, but with significant limitations (low atomic number, energy
<100 Mev/nucleon; the BEVALAC at Berkeley California has fewest limitations).
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Trapped (Van Allen) Radiation Belts

High-energy protons and electrons are trapped by the geomagnetic field
in Van Allen radiation belts. In the radlation belts the charged particles
follow spiral orbits along magnetic tield lines and are reflected by
increasing field strength :o-h.o-_,:_. The chart shows crescent-shaped
flux contours which o_..o__‘n_o‘n_oco out to several earth radii.

The discovery of the trapped radiation belts in 1958 was a key milestone
in space research. The electrons collide with atoms In the outer skin of
the spacecraft creating penetrating x-rays and gamma rays thal cause
tissue damage. The energetic protons can peneirate several grams of
material (1-2cm of aluminum Is required to stop them) causing ilonization
of atoms as they terminate In nuclear collisions. Most manned spacecraft
missions are restricted to altiludes below 500km to avoid prolonged
exposure to this damaging radiation. The lower edge of the belts is
controlled by the geomagnetic field and scattering by the upper atmosphere.
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Trapped Belt Electron Flux

Electrons trapped by the earth's magnetic field are part of both the inner bell
(500-12,000 km) and the outer belt (18,000-36,000 km). The electron flux peaks
at altitudes ranging from approximately 2000-5000 km In the inner belt and at
approximately 20,000 km in the outer belt, depending on the electron energy. The
eleciron flux is shown at an altitude of 500 km In the chart.

Because of a sharp decrease in the earth's magnetic field in the area of the South
Atiantic, the inner belt electron flux has a high value area known as the South
Atlantic Anomaly.

At high latitudes the geomagnetic field lines "bunch In” toward the magnetic
poles, allowing energetic electrons of the outer belt to follow the field fines
down to low altitudes.
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Trapped Belt Proton Flux

Protons trapped by the geomagnetic field are part of the inner trapped belt which
extends from sbout 500-12,000 km and peaks at approximately 2000-5000 km,
depending on the proton energy.

As for the electrons the proton flux peaks over the South Atlantic Anomaly.
At Shuttle and Space Station altitudes, le. an altitude of 500 km, the only
appreciable proton flux is encountered in the South Atlantic Anomaly as
shown in the chart,
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Aurora

The Aurora Borealis and Australis are visible manifestations of the intense

activity in the geomagnetic field surrounding Earth. Observed and studied

since anclent times, its true explanation awaited the discovery of the trapped
radiation belts. Disturbances In the geomagnetic fisid scalter trapped elecirons
and protons into the upper atmosphere at high latitudes where they excite the
oxygen and nitrogen atoms and molecules. The varlety of auroral color is due 1o
mixing of line emisslons from the discrete exciled states of the atmospheric gases.

The spatial varlabllity of aurora Is demonstrated In this sateliite photo of the
suroral band extending thousands of miles across the northern hemisphere.
Interraction of solar flare plasma with the geomagnetic cavity causes periods of
enhanced activity when aurora becomes visible in the continental U.S.
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Enhanced Growth of Microorganisms
in Space

The effect of radiation on biological systems has generally been harmtul.

This Includes the induction of developmental anomalies In animals, cancer

in humans, mutations In plants and retardation of all development and ceolony
formatlon in microorganisms. However, experiments with paramecium tetraurelia,
a simple, unicellular organism, have shown enhanced colony growth due to the
combined sffect of space radistion and microgravity. This leads to the prospect
of enhanced growth in more useful microorganisms, e.g., euglena, bacteria spores,
genetically-enginssred blomolecules. Additional radiobology experiments in space
may therefore be of Intersst to pharmaceutical firms.
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Radiation Hormesis

At low doses, radiation has been shown to have a hormetic, ie. stimulating,
effect on the growth of both plant and animal organisms. For plants In
particular, the hormesis response is a common phenomenon that is not
restricted to either plant species or radiation type. The chart shows

the change In growth to barley and wheat as & function of radiation

dose, when exposed to four dilferent radlation sources.

For space-food growing experiments relying on the growth of many
generations of plant cycles, this hormetic effect may be important
for increasing the food yield. The hormetic radiation effect could

be delivered by using elther the natural space radiation or on-board
radiation sources.

144




ALIMVND ¥00d 40
$1 3IDVd TYMIDINO

SY1I

o coa,
@ EETE

spus ‘pass o} esoq

$82IN0S JUeIBy}Ip INO) Y)|M PeleIPEII] PEIs wWOJ) Jequeyd yimoiB ey
ul umouB sjuetd jeeym pue Aepseq jo p p1 1@ JyBlem Aip eAneies jo Sejew|iS

spes ‘pees o} esoQ

" 0z135

(=]
o0

o

[=]

2
18d13d

oLt
[+]

o

108

o€l

a00e 0002 0001 0 000¢ 0002 0001 o
T T T T T T 08 s — L -
~a M -
~. 8
I 00t §
e A 2| .
* ././. l otl o
tommme ~.
b T ~ 3
S, eozi S
. 2
1804 M [1] 4 S YT
09-18Q0] = o=e o=
PL TR ppem—
Z81-WN|PM] = e
A#i=X o
YSIMOT USeIrYH
ooedg
JLETCTET Y

SISOWIOH uoneipey




Cosmic Ray Induced Single Event Upset

A Single Event Upset (SEU) is an anomolous change in a iconductor loglc device.
SEUs in modern electronics in space are caused by cosmic ray particles or trapped
protons. As the particles pass through material they lose energy by ionizing the
material and producing additional pairs of charged particles. i the charged
particles are near the junction of a semiconductor device In a memory cell they can
produce a current pulse large gh to a ¢ch in state of the memory cell.

No permanent damage is done, but the data store in the cell is now in error. Such
errors induced in existing spacecraft are causing significant reductions In system

lifetime and reliability.

Development of large scale integrated circuits, coupled with the decreasing size
of individual circult elements, has made space borne electronics Increasingly
susceptible to SEU because the current required to change the state of the memory
cell has become smaller and smaller. Techniques are evolving to reduce the system

error rates to a tolerable level,
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Attributes/Environments
T

Commercial

Space

9. Meteoroids/Debris

= S

Peat Marwick
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Meteoroid Environment --
Terrestrial-Space Influx of Meteoroids T

Commercial
Space

Average Mass Density = 0.5 g/cm3

1
0 .28
1 241
Log flux -2 .20f
Aum:_n_a«\ - Average velocity, 20 km/sec
mé-yr}  -3f Probabllity gl
for
.4l midpoint of [
3 kmisec 12
interval -
-5 .08
-6 |- .04}
. Meteorold L
thux %7620 30 40 80 60 70
| | | | At pheric entry veloclty, km/sec
-6 -4 -2 ] 2 4
Log mass, gms
Source: NASA SP 8013 Meteorold Environment Model — 1969 Peat Marnwick

ORIGINAL PAGE IS
150 OF POOR QUALITY




TST

‘SUOHIBUIOY} BIIGIO PUS SOPNINIE ewos Jo esn |eudiejeid oyl

pue A829p |€11QI0 O} NP B8 SUOIIBBA SYL ‘@pNille| PuB SpMINE O uoldUNY
g se (ownjoA jun sad sajojued) Ajsuep €11qQep JO UO[IBHIBA SUl SMOYS LIBYD
oyl ‘Nqio uj sejoied 000'SL O 000'0F WOl e eIy} 18y} pelewise §|

) ploysely) lepes eyl mojeq esoy) Bupnjdu) pus pexdes e s190{qo 000'S
Alstewixoidde Ajjueuny ‘iepes peseq punoiB Bujsn pasnseew s sLeYd oyl

Ul UMOYS JUSWUOIIAUG S|iqep eyl ‘suopesedo [8)qi0 #UNINOI Supnp peseal
sjoe(qo pue (suo|sojdxe pus SUO|S]||03) uOIdNIIsSep 0}]||918S WOl sjuowbes
opNIou] slIGep |wIqi0 jo seasnos eyl Alapoe (eyqio Bupnp peiwesd ) suqed

uojlelieA epmijle pue apninIy
juawuoljAug s|qag 1eilqIo




Orbital Debris Environment --
Altitude and Latitude Variation p=cs

Commercial

Space
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Radar Tracked Objects in Low Earth Orbit
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Particle Velocity
Distribution in Low Earth Orbit
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Orbital Debris and Meteoroid
Flux and Growth Predictions

Commercial
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Ultra High-Speed Collisions
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INTRODUCTION

+ U.S. competitiveness in the international space market is a major issue facing
U.S. industry and NASA.

- & majority of countries are charting a deliberate path towards
becoming self-sufficient in most aspects of civil space activity

+ Present a brief analysis on each major country involved in commercial space
adressing observations, technological thrusts and ways of doing business in
the following areas:

Space Transportation/Launch Services
Platforms/industrial Services
Communication Satellites

Earth and Ocean Observations
Materials Processing In Space
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GLOBAL TRENDS

Percent of R&D Funded by Business Non-Defense R&D Expenditures
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T 1 7 T r F °Fr 7" T
LS
PN NANAUNT AN R TR OTA T4 T TE TT TR TH S0 8 M M MW
"
¢ ran ¢ daun Aok ua ¢ ran * dupn s un % ua

———————

ORIGINAL PAGE IS
166 OF POOR QUALITY



ALITYNO H00d 40

L9T
Sl Z2Vd TYNIDIO

SRS (RRUBWWOD JO KO $IAN0S

(%99)

duely (%) swng

|e1219WwWoo

T66L - 6861 'SIDIYIA younw] aueuy pue
SUWIiY [®I2J0WWeD 'S N }O MBYS 1Niep

VOV (6L WTN Teutsesty yYIy Uy Wad0id $o905 KMD S M) 805

DBI;‘»ISZX
oqEeasun Loy pus N N s MG

5€ k-4 124 S 0cL 2t Ysn
66 rii 9 6EZ 625 114 Wi0L
YIN YN 114 s€ 9 £t o)
" [} 68 ] 801 € uwder
et 24 ] 1 [ [ Auruua® 139M
14} ] oL -] sol 25 ey
6€ (73 (118 [} 6rZ T vs3

864 ro/cU81L 881 re/€861 1961 re/eest

Buissed01g Suisueg SUOHEIUNWWOD
s|usIen slowey ol1|1ivS LSUTE ]

(ss01100 'S'N 28k uay jo suolpw u) :elewixorddy)
S108png suopedjiddy sowdg {(A]D JUIWLIAACD

SAN3Hdl TvdO1O




GLOBAL TRENDS
Commercial Launch Market Share
SHARE OF WORLDWIDE INTEGRATED CIRCUIT SHIPMENTS %
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UNITED STATES COMMERICAL SPACE OBSERVATIONS

- U.S. space budget is $28 billion, $10.9 billion is for NASA
Space Transportation

+ U.S. faces severe problems from foreign competition and weakening demand for
its services
+ Ban on shuttle commercial communication launches:

- was impetus for U.S. ELV industry
- allowed shuttie manifested payloads to launch with U.S. competitors

+ 90% of launches have been successful over past 20 years
+ Fiber optics and longer satellite litetimes will have effect on demand

+ Agreement with Chinese on number of U.S. payload launches will be have an effect
on this industry

+ Small ELV is the fastest growing area (SSS, Pegasus)

- first Pegasus launch - July 1989
- new entrants include AMROC, Eprime, Space Services

» Recent launch insurance policy
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UNITED STATES COMMERICAL SPACE OBSERVATIONS

Commercial Earth & Ocean Observations

+ EOSAT Landsat operation
+ Landsat 6 approved
» Congress Is studying post Landsat 6 requirements

» Increasing number of value added retailers

Materials Processing in Space

» 6 Centers for the Commercial Development of Space (CCDS)
« UAH Sounding Rocket

+ Boeing, Rockwell and Grumman furnaces

+ Still need more equipment

* 3M is biggest industry participant
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EUROPEAN COMMERICAL SPACE OBSERVATIONS

+ Consortium of 13 western European nations with $1.1 billion budget, France supplies
47% of ESA budget

+ Highly capable in communication sattellite area, but not yet competitive with U.S. industry
- British companies are strongest competitors to U.S. satellite companies
- Arlanespace offered special launch prices to non-european gov'ts. if those
customers purchased satellite payloads from Ariane contractors

+ " Arianespace launched 23 communication satellites over the last 4 years

pricing is comparable to U.S.

- Arianespace has gov't. backing - so could lower price to meet Soviet Proton
or Chinese Long March price

- by 1986, Arianespace had 50% of market; it currently has 60-70% of world
market with a backiog of 43 launches

- Arianespace founded its own insurance company in 1986 when international

insurance market was unavallable to insure launch risks

« Ariane vehicle is commercialized thru Arianespace (owned by CNES, aerospace
companies and European banks)

« Current MPS leader in the western world

- Spacelab
- TEXUS sounding rocket & furnace equipment
- INTOSPACE, NOVESPACE
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JAPANESE COMMERICAL SPACE OBSERVATIONS

Major thrusts include Space Station Freedom module, launch vehicle, communications and
MPS research

Two space agencies - NASDA (Operations & Applications) & Ministry of Education {Sclence)
Dominant planning influence is MITI - thrusts are tied to industry stated needs
Tension between NASDA and MITI
Japan will play a signlificant role in commerical space by mid 1990's
- goal is to become an_autonomous space powsr
= gov't. will take the lead and encourage private investment thru: gov't. Investment &
loans, tax breaks, technology transfer...

Space budget is $800 million; only $350m below ESA budget which Includes 13 member
countries

Expected to invest $5.2 billion on satellite development between 1986 and 2000
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USSR COMMERICAL SPACE OBSERVATIONS

Agressively seeking western customers for Its launches and partners for its space projects

Civil space organization Is Glavkosmos - Initiated new marketing strategy offering launch
capabllity, pricing flexibility, security of property ...

Total space budget is $20-25 billion (approx. 75% military) '
Responsible for 91 out of 103 launches worldwide in 1986; achieved 95 launches in 1987

March 1988 - conducted commercial launch on Proton ELV for India
. offer price is approx. 50% of Ariane launch price

Dept. of State does not allow export licenses for transfer of U.S. bullt spacecraft to USSR

Dept. of Commerce granted export license (Feb. '88) to U.S. firm (Payload Systems, Inc.)
to aliow MPS experiment to be flown aboard MIR

Achieved over 3000 man hours of experiment time and 1600 experiments to date (MPS)
{U.S. has conducted 112 space based MPS experiments)

MPS program Is_applications oriented - less emphasis on underlying science

* All budget figures are for 1987-1988 dets
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CHINESE COMMERICAL SPACE OBSERVATIONS

« Accslerating its Involvement in all areas

. Launched recoverable re-entry satellite August '88 with 4 commercial MPS experiments
on board

- Active in world market thru offering of Its launch services

- In negotiations with U.S. Dept. of State to agree upon number of U.S. payloads
allowsd to be launched aboard Long March vehicle

- Chinese launching only 4 foreign payloads per year - constitutes 20% of commercial
demand thru early 1890's (3 U.S. ELV companies and the French Ariane vis for
15-20 launch demand per year)
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FINAL OBSERVATIONS

How does the United States compete with a gowernment-sponsored industry
that is less dependsnt on free-market pressure?

U.S. industry and the government must recognize the economic benefit of
commercial space activities and begin viewing these activities as central to our
economic growth and technological leadership!

It is quite obvious the international countries involved recognize the potential
economic benefits derived from commercial space activities, and are charting
a dellberats, long term path to expioit this new frontier.
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NS CENTERS FOR THE COMMERCIAL DEVELOPMENT

COMMERCIAL
PROGRAMS

OBJECTIVE

¢ PROVIDE THE PATHWAY FOR U.S. INDUSTRY TO DEVELOP LEADERSHIP IN THE
COMMERCIAL USE OF SPACE
-~ DEVELOPING PROGRAMS THAT FOSTER NEW TECHNOLOGY DEVELOPMENT
-~ DEVELOPING PROGRAMS THAT LEAD TO NEW COMMERCIAL PRODUCTS

ENERAL CRITERIA

® NEW AND UNIQUE TECHNOLOGY DEVELOPMENT AND SYSTEMS LEADING TO
COMMERCIAL USE OF THE SPACE ENVIRONMENT

®  HIGHLY SPECIALIZED UNIVERSITY BASED CENTERS TO HELP U.S. INDUSTRY FOCUS ON
TECHNOLOGY DEVELOPMENTS THAT ARE COMMERCIALLY-QRIENTED

®  SYSTEMATIC EVOLUTION OF CENTERS TO BECOME HIGHLY INDEPENDENT OF NASA
THROUGH THEIR DEVELOPMENT OF INDUSTRIAL COMMITMENT

186




£

L8T

"WYY¥D0U¥d SAJ) IHL L1Y0ddNS

0L SAtHSNOLLY13Y 34NLNS NV INIHYND SUILNID Q1314 IHL ANV 'S,SGDI FHL HUM
INIWIATOANI ¥NO OL S3LV13Y 11 SV $SNI04 INIYYND $,d0 ’S.5GI IHL NIAIO NOLLDINIA
M3N JHL SSNISIA OL SYM JAILII(EO0 JHL '8861'SE INNT NO Q13IH SYM SIALLVINISIUIIY
3IVdS TIVIDYIWWOD ¥ILN3D G314 VSVN TIV HLIM WNYO1 dOHSHYOM 31ViEVdIS vV

'SWVYYD0Yd SYILYVNDAVYIH ANV $GJI 3H1 40 NIv8Q331 ANV MIIAYIAC 0009
V Q30IA0Yd JAVH GNV 'SLINSIY IALLISO4 GIONA0Ud IAVH SNOISSIS .INO-NO-INO, FHL

‘8861 'ZT INNM ANV ‘8861 ‘1 HdY NIIMLIE AILINANOI IYIM SAII HOVI HLIM SONILIIW
AVGQ-1IN4 .INO-NO-INO.. "SILLALLOV $GJI NO SNJ04 YIdUYHS V ANV NOLLYIINNIWINOD
N340 3aIA0Y¥d OL WYHD0Ud IHL NO G3dVd N338 SYH SISYHAN3 TVIJ3dS ‘AN

SILLIALLOV NOLLVZITVIOYIWWOD
3DVdS 40 14Vd TVUOILNI NY 3W0D38 OL ONIATOAI 34V §,5020 353HL *(SAID)
3DVdS 40 LNIWJO1IAIQ IVIDYIWNOD IHL HO4 SYILNID IHL WYOL SHILN3ID 91 ‘5861 IONIS

SWVYYO0ud

30VdS 40 LN3IINdO13A3IA WIDUINWOD

40 301340

TVIDUINWIWODI FHL 04 SYILNID VsunN




NNASN

ONIERCIAL UNIQUE CHARACTERISTICS OF THE CENTERS FOR THE
PROGRAMS COMMERCIAL DEVELOPMENT OF SPACE (CCDS) PROGRAM

® INCUBATOR FOR COMMERCIAL SPACE VENTURES )
-~ STIMULATES THE UNIVERSITY/INDUSTRY LINKAGES IN COMMERCIAL SPACE ENTERPRISE

-~ PROVIDES BREEDING GROUND FOR UNIVERSITY, GOVERNMENT, AND INDUSTRY RISK
SHARING WITH ACADEMIA AS THE PULL AND COMMERCIAL NEEDS AS THE PUSH

-~ PROVIDES FOR CONSORTIA ACTIVITIES OF UNIVERSITIES AND BUSINESSES TO:

e DEVELOP JOINT CONCEPTS
o  SHARE TECHNOLOGY, COSTS, AND TALENT
e  SHARE RESULTS

-~ PROVIDES FIRST OPPORTUNITY FOR FOCUSED APPLICATION OF INDUSTRIAL CONCEPTS
UNIQUE TO THE SPACE ENVIRONMENT

- PROVIDES SEEDING OPPORTUNITY FOR THRESHOLD INDUSTRIAL RESEARCH PROJECTS
-~ PROVIDES EASIER ACCESS TO THE SPACE ENVIRONMENT FOR COMMERCIAL EXPERIMENTS

- PROVIDES OPPORTUNITY FOR SMALL BUSINESSES TO LINK UP WITH LARGER BUSINESSES
THROUGH CCDS/SMALL BUSINESS INNOVATION RESEARCH/NASA SPONSORSHIP

~  ENHANCE THROUGH ACADEMIC TIES THE ABILITY TO ANALYZE FLIGHT EXPERIMENT
RESULTS

= PROVIDES BREEDING GROUND FOR 21ST CENTURY SPACE INDUSTRIAL SCIENTISTS
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NNASA CENTERS FOR THE COMMERCIAL

OFFICE OF
SEmaGcin. DEVELOPMENT OF SPACE (CCDS)
TECHNICAL DISCIPLINE # INVOLVED cCDS’S
2 @ UNIV. OF WISCONSIN, MADISON, Wi
1. AUTOMATION AND ROBOTICS *  ENVIRON. RESEARCH INST. OF MICHIGAN,
ANN ARBOR, M|
3 ®  UNIV, OF COLORADO, BOULDER, CO
2. UFESCIENCES ®  PENN STATE UNIV., UNIVERSITY PARK, PA
®  UNIV. OF ALABAMA, BIRMINGHAM, AL
3. MATERIALS PROCESSING IN SPACE 5 & BATTELLE, COLUMBUS, OH
{MPS) ®  UNIV. OF ALABAMA, HUNTSVILLE, AL
® VANDERBILT UNIV., NASKVILLE, TN
® CLARKSON UNIV., POTSDAM, NY
®  UNIV. OF HOUSTON, HOUSTON, TX
4. REMOTE SENSING 2 [ ] _thUZd._..MNOZg._.mmhI DEVELOP., STENNIS SPACE
® OHIO STATE, COLUMBUS, OH
5. SPACE POWER 2 & AUBURN UNIV., AUBURN, AL
&  TEXAS A&M UNIV,, COLLEGE STATION, TX
6. SPACE PROPULSION 1 ® UNIV. OF TENNESSEE SPACE INSTITUTE,
TULLAHOMA, TN
7. SPACE STRUCTURES AND 1 ® CASE WESTERN RESERVE UNIV., CLEVELAND, OH
MATERIALS

SUMMARY: THERE ARE CURRENTLY SEVEN TECHNOLOGY DISCIPLINES REPRESENTED IN THE CCDS PROGRAM.
THE MAJORITY OF THE CCDS'S ARE CONDUCTING RESEARCH IN MPS.
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NNSA
OFFICE OF
COMMERCIAL
PROGRAMS

CENTERS FOR THE COMMERCIAL DEVELOPMENT OF SPACE

UNIVERSITY AFFILIATES

AKRON UNIVERSITY

CASE WESTERN RESERVE UNIVERSITY
CLARKSON UNIVERSITY

CLEVELAND UNIVERSITY

OHIOQ STATE UNIVERSITY

WASHINGTON STATE UNIVERSITY
WORCESTER POLYTECHNIC

UNIVERSITY OF MAINE

MURRAY STATE UNIVERSITY

FLORIDA STATE UNIVERSITY

MONTANA STATE UNIVERSITY
UNIVERSITY OF SOUTHERN MISSISSIPP
PURDUE UNIVERSITY

UNIVERSITY OF ALABAMA - HUNTSVILLE
UNIVERSITY OF ALABAMA - TUSCALOOSA
UNIVERSITY OF FLORIDA - GAINESVILLE

ALABAMA A&M UNIVERSITY
UNIVERSITY OF FLORIDA

RENSSELAER POLYTECHNIC INSTITUTE
UNIVERSITY OF ILLINOIS - URBANA
UNIVERSITY OF WISCONSIN - MADISON
KANSAS STATE UNIVERSITY
UNIVERSITY OF UTAH

UNIVERSITY OF COLORADO - DENVER
FLORIDA A&M UNIVERSITY
UNIVERSITY OF BUFFALO

UNIVERSITY OF SOUTH CAROLINA
TENNESSEE STATE UNIVERSITY
AUBURN UNIVERSITY

PRAIRIE VIEW A&M UNIVERSITY
LAMAR UNIVERSITY

UNIVERSITY OF TEXAS AT ARLINGTON
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NNASN

oFeiceor UNIVERSITY OF ALABAMA, BIRMINGHAM CENTER FOR
PROGRAMS MACROMOLECULAR CRYSTALLOGRAPHY

THE UNIVERSITY OF ALABAMA, BIRMINGHAM (UAB) CENTER FOR MACROMOLECULAR CRYSTALLOGRAPHY 1S A
CENTER FOR COMMERCIAL DEVELOPMENT OF SPACE (CCDS) CONDUCTING RESEARCH IN BIOLOGICAL PROCESSES

PRIMARY OBJECTIVES

®  TOFACILITATE ACCESS TO THE SPACE PROGRAM BY AMERICAN INDUSTRY, SPECIFICALLY,
PHARMACEUTICAL, CHEMICAL, AND BIOTECHNOLOGY

®  TOPURSUE RESEARCH NECESSARY TO FOSTER AREAS OF TECHNOLOGY THAT ARE LIKELY TO BENEFIT
FROM SPACE

®  TOPROVIDE THE DATA THAT WILL PERMIT INDUSTRY TO EVALUATE POTENTIAL APPLICATIONS OF SPACE
(I.E., PROTEIN CRYSTAL GROWTH AND PROTEIN ENGINEERING)

INDUSTRIAL AFFILIATES UNIVERSITY AFFILIATES

MCDONNELL DOUGLAS UNIVERSITY OF ALABAMA - HUNTSVILLE
bpow

DUPONT

KODAK

BIOCRYST
BURROUGHS-WELLCOME
MERCK

ELLILLY

SCHERING

SMITH, KLINE & BECKMAN
UPJOHN
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NASNA

oFfcEor POTENTIAL CON:MERCIAL APPLICATIONS
FROGRAMS FROM CCDS ACTIVITIES
ccos PRODUCT/PROJECT CATEGORY/RESEARCH TOPIC
UAH BLENDED POLYMERS (IMMISCIBLE) AND SEPARATION OF ORGANIC MATERIALS

POLYMER FOAM FORMATION FOR STRUCTURAL MATERIAL FOR SPACE USE

IMPROVED SURFACE COATINGS AND METAL CATALYSTS (BY ELECTRODEPOSITION)

COMPOSITES OF METALS AND REFRACTORY MATERIALS (POWDERED METAL SINTERING)

IMPROVED CAST IRON PROCESSES

OPTICAL COI 'PUTERS AND ELECTRO-OPTICAL DEVICES (HIGHLY NON-LINEAR OPTICAL ORGANIC
CRYSTALS AND FILMS)

IMPROVED DETECTOR MATERIALS (NUCLEAR TRACK DETECTORS)

SPACECRAFT SURFACE COATINGS (MATERIALS PREPARATION AND LONGEVITY IN HYPERTHERMAL
ATOMIC OXYGEN)

ZINC SELENIDE ELEC 'RO-OPTICAL DEVICES (CRYSTALS BY VAPOR TRANSPORT)

HIGH TEMPERATURE SUPERCONDUCTORS WITH APPLICATIONS FOR IMPROVED COMMERCIAL
SATELLITES

PURIFIED MATERIALS USING A WAKE SHIELD

CLARKSON LIQUID ENCAPSULATED MELT ZONE OF GALLIUM ARSENIDE
DIRECTIONAL SOLIDIFICATIC ! OF CADMIUM TELLURIDE
VAPOR GROWTH OF SENSOR MATERIALS
ZEOLITE PRODUCTION IN SPACE
SOLUTION GROWTH OF OPTICAL MATERIALS
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NNASN
O AL POTENTIAL COMMERCIAL APPLICATIONS
PROGRAMS FROM CCDS ACTIVITIES (CONTINUED)
€CDS PRODUCT/PROJECT CATEGORY/RESEARCH TOPIC
PENN STATE CELLULAR IMMUNOLOGY
LIGHTAMMUNE EFFECTS IN CHICKENS (EFFECTS OF LIGHT ON HEALTH)
LIGHT AND ARCHITECTURAL DESIGN (EFFECTS OF LIGHT ON HEALTH)
QUALITY OF LIGHT ON LIVING SYSTEMS (IMPORTANCE OF LIGHT IN SPACE)
PHOTOPERIOD AND BRAIN ACTIVITY {AGING)
IMMUNE FUNCTION IN IMMOBILIZED ANIMALS (AUTOIMMUNE DISEASE IN CHILDREN)
PITUITARY CELL FUNCTION (GH)
PHOTOPERIOD (JET LAG)
SHEAR STRESS IN BIOREACTOR (EFFECT ON PRODUCTION OF BIOMOLECULES)
MICROCALORIMETRY WITH BIOREACTOR (MONITOR CELL METABOLISM IN SPACE; INTERFERON)
REMOVAL OF TOXIC SUBSTANCES FROM SPENT MEDIA (COST EFFICIENCY OF MEDIA RECYCLING)
IMAGE ANALYSIS (MONITOR CELL ACTIVITY IN SPACE)
EXPRESSION OF RGH IN XIDNEY CELLS IN w_Oxm>.n._.Ox (ANCHORAGE DEPENDENT CELLS)
EXPRESSION OF EPO IN TRANSFECTED CELLS IN REACTOR (ANCHORAGE DEPENDENT CELLS)
HPLC-DOWNSTREAM PROCESSING (CONVECTIVE FLOW IN S, ACE)
UNIVERSITY OF LIQUID STORAGE AND TRANSFER IN ORBIT
TENNESSEE ION PROPULSION

COMPONENT LIFE MANAGEMENT EXPERT SYSTEM
EXPERT SYSTEM APPLICATION TO FAULT DIAGNOSIS
ADVANCED HIGH AREA RATIO NOZZLE

SPRAY COMBUSTION STABILITY

MAGNETIC ANNULAR ARC THRUSTER
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NNSN
OFFICE OF
COMMERCIAL
PROGRAMS

POTENTIAL COMMERCIAL APPLICATIONS
FROM CCDS ACTIVITIES (CONTINUED)

€cos

ITD

WISCONSIN

ERIM

P"ODUCT/PROJECT CATEGORY/RESEARCH TOPIC

SPECTRAL AND SPATIAL DATA SUPPORT SERVICES FOR ARCHAEOLOGICAL APPLICATIONS

AERIAL DIGITAL MULTISPECTRAL DATA FOR ENGINEERING APPLICATIONS (E.G., DAMS, DIKES,
LEVEES, REFINERIES, CH MICAL PLANTS, MAPPING SUBSURFACE FIRES, ANALYSES OF WATER
RESOURCES, CENTRAL HEATING DISTRIBUTION SURVEYS, GROUND WATER SEEPAGE,

POLLUTION STUDIES)

TELEROBOTIC SYSTEMS AND COMPONENTS (INCLUDING DEXTEROUS ROBOT HAND, FORCE-
REFLECTING FINGER AND GRIPPER, TACTILE FEEDBACK)

LUNAR MINING OF He-3

CULTURE AND NUTRIENT SUPPLY SUBSYSTEM FOR PLANT GROWTH FACILITY

HUMIDITY CONTROL IN PLANT GROWTH FACILITY

DIGITAL IMAGE PROCESSORS

3D LASER RADAR SENSORS
SYNTHETIC APERTURE RADAR
REMOTE SENSING

OPTICAL PROCESSING SYSTEMS
INDUSTRIAL ROBOTICS SYSTEMS
SPACE ROBOTICS
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NNASN

O e, POTENTIAL COMMERCIAL APPLICATIONS
PROGRAMS FROM CCDS ACTIVITIES (CONTINUED)
€cDs PRODUCT/PROJECT CATEGORY/RESEARCH TOPIC
BATTELLE FLOAT-ZONE CRYSTAL GROWTH OF CdTe
ZEOLITE CRYSTAL GROWTH FOR GASEOUS SEPARATION
MIXED OXIDE CATALYSTS
MIXED HALIDE CATALYSTS
MULTIPHASE POLYMER SYSTEMS
POLYMER COMPOSITES

EXTENSION FLOW VISCOSITY

VANDERBILT DIRECTIONAL SOLIDIFICATION TO OPTIMIZE THE PROPERTIES OF ALUMINUM CASTING AND

WROUGHT ALLOYS

CONTAINERLESS PROCESSING OF TITANIUM-ALUMINUM ALLOYS FOR HIGH TEMPERATURE
OPERATIONS

DEEP UNDERCOOLING QF NICKEL AND IRON ALUMINIDES

CONTAINERLESS PROCESSING TO IMPROVE THE PURITY AND HOMOGENEITY OF ALLOYS

IMPROVEMENT OF WORKABILITY OF MATERIALS WITH EXCELLENT RESISTANCE TO CHEMICAL
ATTACK

IMPROVED MAGNET ALLOYS AND THERMOCOUPLE MATERIALS

TITANIUM/RARE EARTH ALLOYS PROCESSING (FOR FUTURE JET ENGINES)

CASTING AND DIRECTIONAL SOLIDIFICATION OF IMMISCIBLE ALLOYS (FOR ADVANCED POWER
SYSTEMS)

PRODUCTION OF HOMOGENOUS COMPOSITES CONTAINING FINE STABLE PRECIPITATES

DEVELOPMENT OF REFRACTORY ALLOYS FOR HIGH-PERFORMANCE POWER SYSTEMS IN SPACE
AND AIR APPLICATIONS

COMPOSITE CERAMICS

202




£€0¢

SNOLLYY34O ONINIW ¥O4 DNISN3S ILOWIY

ONINOLINOW NOISON¥3 1O0S

SIILOVYJ INIWIDVYNYIA NV

NOUVNIVAI GNVISHISWIL

¥IA0D INAISIY dOYWD

NOUDYYLXI FUNLYIS

ONINOLINOW INI3dId ONV SYO

ONINNVd TVLSVOD

AV1d4SIO YiVQ TVLLYdS

FOVNIVYA GNV1IVENLINDIEOY SO S1IJ3NIG

AYIOVINI TVINIY WOYS NOILYIWYOINI G-€ ONILIVYLX2

V1va GISN3IS-ATILOWIY ONISN ONLLNOY NVIDO0 GIA0UdNI
W31SAS ONINOLLISOd TvE019 304 NOLLYNINYIL3Q LIS¥0 31v1S OIHO

AXV11d] NY3E IVIIWIHI/AXVLIdI NV3E ¥VINIITON
SHOLINANOIYIANS 2L HOIH JO HIMOUD

Syeo|y/sye9 40 HIMOND NOLSNOH
JId0L HOYVISIWABOODILYD 1DI(0¥4/1ONA0YE , §a9
(Q3INNILNOD) SILLIAILOV SAJD INOYS | Shuuoons
SNOILVYDITddV TVIDYIWINO0D TVILNILOd A

VSVN




NNASN

OFFICE OF

COMMERCIAL COMMERCIAL DEVELOPMENT INTERACTIONS

PROGRAMS

STAGE RESEARCH PRODUCTION

DEVELOPMENT
FLIGHT PILOT INITIAL FULL
APPLIED

GROUND FLIGHT

GOVERNMENT

L ,._ﬁmﬁa

O._‘:mx _znmzﬁ<mm
(IGVTEA/FLIGHT
HARDWARE)

Girsrrereoresrssssssicossssssriser.
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NASN

OFFICE OF
COMMERCIAL

PROGRAMS NEW INITIATIVES FOR 1990

® ESTABLISH TWO NEW CENTERS FOR THE COMMERCIAL DEVELOPMENT OF
SPACE (CCDS)

® MAINTAIN A CADRE OF 18

® PROVIDE ASSISTANCE TO CCDS'S IN FACILITATING AND DEVELOPING
CAPABILITIES FOR PRIVATE SECTOR FLIGHT READINESS

® OFFER COMMERCIAL CUSTOMERS ALTERNATIVE MEANS OF FLYING
EXPERIMENTS

® ESTABLISH QUICK RESPONSE TO INDUSTRIAL OPPORTUNITIES

¢ DEVELOP CAPABILITY FOR PRIVATE SECTOR/CCDS COMMERCIAL SPACE
FINANCIAL ASSESSMENTS AND PACKAGING

® DEVELOP CAPABILITY FOR AD HOC INFRASTRUCTURE PLANNING AND
ADVOCACY
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oA OFFICE OF COMMERCIAL PROGRAMS
coumIrcAL "BRIEFING OUTLINE

® OFFICE OF COMMERCIAL PROGRAMS
-~ ORGANIZATION
—~ GOALS AND PHILOSOPHY

® SPECTRUM OF PRIVATIZATION/COMMERCIALIZATION ACTIVITIES
® NASA COOPERATIVE AGREEMENTS

® RESOURCES AVAILABIE
- MICROGRAVITY SCIENCES AND PRODUCT DEVELOPMENT
-~ EARTH OBSERVATIONS

UFE SCIENCES

ON-ORBIT FACILITIES

-  SHUTTLE

- SPACE STATION

INDUSTRIAL APPLICATION CENTERS

® POINT OF CONTACT
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NNASNA SPECTRUM OF PRIVATIZATION/
OFFICE OF
COMMERCIAL COMMERCIALIZATION ACTIVITIES
PROGRAMS
TPcR | PRVATE |
TYPE CHARACTERISTICS EXAMPLES CAPITAL ECONOMIC
ATRISK | GROWTH
PRIVATE SECTOR e MATURE INDUSTRY . no;z_c,m_%ﬂ_oz
DEVELOPS FROM SATELLIT!
EXISTING TECHNOLOGY MINIMUM HIGH
FOR PRIVATE SECTOR USE
PURE PRIVATIZATION ® U.S. GOVERNMENT (USG) e EXPENDABLE
DEVELOPS SYSTEM LAUNCH
TECHNOLOGY VEHICLES (ELV) MINIMUM | MINIMUM
o PRIVATE SECTOR TAKES OVER
DEVELOPED TECHNOLOGY
PRIVATE SECTOR DEVELOPS |9 use mmm_zmnmq REQUIREMENTS | TDRSS
OR USG USE ® PRIVATE SE s |e PAM-D
NEW TECHNOLOGY ® 705 MODERATE | MODERATE
o CDSF
PRIVATE SECTOR ® USG DOES BASIC RESEARCH | ® PHARMACEUTICALS
DEVELOPS FROM NEW e USG PROVIDES INCENTIVES | CRYSTALS
TECHNOLOGY FOR ® PRIVATE SECTOR/USG ® GEOSTAR HIGH EXTREMELY
PRIVATE SECTOR USE PARTNERSHIPS (JEA'S, CCDS"S) HIGH
UNTIL PRIVATE SECTOR IS
ESTABLISHED
FULL ® PRIVATE SECTOR DOES R&D | ® NEW MARKETS,
COMMERCIALIZATION o~<m_.o_mumu4. znﬂi mmwocﬂm. AND
SERVICES/PRODUCTS, ETC. VICES
o USG MAY PROVIDE MINIMUM | ELV RAW MATERIALS | MODERATE qun_maﬂm_k
ASSISTANCE THROUGH TRANSPORT
TRANSPORTATION SUPPORT
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NNASA
COMMERCIAL NASA COOPERATIVE AGREEMENTS

PROGRAMS

¢ MEMORANDUM OF UNDERSTANDING (MOU)

® TECHNICAL EXCHANGE AGREEMENT (TEA)

e [INDUSTRIAL GUEST INVESTIGATOR AGREEMENT (IGl)

e MEMORANDUM OF AGREEMENT (MOA)

® LAUNCH SERVICES AGREEMENTS (LSA)

® SPACE SYSTEMS DEVELOPMENT AGREEMENT (SSDA)

e JOINT ENDEAVOR AGREEMENT (JEA)

® RANGE USE AGREEMENT (RUA)

e CENTERS FOR THE COMMERCIAL DEVELOPMENT OF SPACE (CCDS)
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LA TECHNICAL EXCHANGE AGREEMENT

o (TEA)

e DESIGNED FOR MPS MICROGRAVITY RESEARCH
-- AT MINIMAL EXPENSE
- NOT READY FOR SPACE-FLIGHT EXPERIMENTS

e EXCHANGE OF TECHNICAL INFORMATION ON SUBJECT GROUND-BASED
RESEARCH

e NASA DROP TUBES, DROP TOWERS, KC-135 AVAILABLE

e NO NASA RIGHTS IN DATA NEWLY DEVELOPED BY PRIVATE ENTITY
UNDER TEA

o NASA HAS FIRST-PUBLICATION RIGHTS FOR NASA-DEVELOPED DATA

214




SLe

INIWLININOD 3DYNOSIY ANVANOD 40 T3IATTTIVINS @

IN3IWIH3dX3 LHOIN4 3IDVdS AIANNL-VSVYN
V NO YOLVDILSIANI TVdIDNINd AFYOSNOJS-VSVN HLIM
SHYOM (ISNIdX3 ANVJNOD LV) YIHDOUVISIH ANVINOD e

1SIHILNITVNLNN 40 SYIUV DIHILNIIDS
NI HO¥V3S34 NO NOILVHOEVT10D AYLSNANI/VSYN e

(I91) LNJINIFYOV L SHivuooxs
HOLVOILSIANI 1SIND TVIHLSNANI Sy




NASA MEMORANDUM OF AGREEMENT
vl ren (MOA)

e TWO MAJOR EXAMPLES:
-~ SCOTT SCIENCE AND TECHNOLOGY
. JSC TECHNICAL ASSISTANCE REGARDING SCOTT'S DESIGN AND
DEVELOPMENT OF A LIQUID-PROPELLED UPPER STAGE

. SCOTT TO REIMBURSE NASA FOR TECHNICAL SUPPORT AT
NASA’'S MARGINAL COST

-- SPACE SERVICES, INC.

- USE OF LAUNCH FACILITIES AND ASSOCIATED SERVICES AT
WALLOPS FLIGHT FACILITY TO SUPPORT COMMERCIAL ELV
OPERATIONS

- NASA TO BE REIMBURSED FOR ALL DIRECT COSTS OF SUPPORT

e COMMON THREAD: REIMBURSEMENT FOR ALL DIRECT/MARGINAL
NASA COSTS
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NASN
OFFICE OF

COMMERCIAL JOINT ENDEAVOR AGREEMENT (JEA)

PROGRAMS

® MAJOR RESPONSIBILITIES OF PRIVATE ENTITY
-- CONDUCT EXPERIMENTS AND/OR DEVELOP HARDWARE AT COMPANY

EXPENSE
-- COMMITMENT TO COMMERCIALIZE ANY PROMISING RESULTS
DEVELOPED UNDER JEA’S

@ MAJOR NASA RESPONSIBILITIES
-- PROVIDE SHUTTLE FLIGHTS AND LAUNCH RELATED STANDARD,
NONSTANDARD SERVICES (FIRM PAYS FOR OPTIONAL SERVICES AT
MARGINAL COST TO NASA OUTSIDE OF JEA)

- PROVIDE NASA TECHNICAL SUPPORT AND USE OF NASA EQUIPMENT,
FACILITIES ON A NONINTERFERENCE BASIS

® ALL OBLIGATIONS - GOOD FAITH EFFORTS BASIS ONLY
® NOEXCHANGE OF FUNDS UNDER JEA

® ANATTEMPT TO SIGNIFICANTLY REDUCE UPFRONT FINANCIAL AND
TECHNICAL RISKS OF PRIVATE CAPITAL INVESTMENT IN SPACE-BASED
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NASN

OFFICE OF
COMMERCIAL
PROGRAMS MATERIALS PROCESSING DISCIPLINES
ELECTRONIC METALS AND GLASSES/
BIOTECHNOLOGY MATERIALS ALLOYS COMBUSTION CERAMICS POLYMERS
® SEPARATION & ¢ COMPOUND ® DIRECTIONAL ® FLAME ® CONTAINERLESS o DRUG
PURIFICATION SEMI- SOLIDIFICATION PROPAGATION PROCESSES ENCAPSULATION
M CONDUCTORS
® PROTEIN ® METAL MATRIX  ® SMOLDERING ® METAL MATRIX @ POLYMER
CRYSTAL ® ISOTHERMAL COMPOSITES COMPOSITES CRYSTALS
GROWTH SOLIDIFICATION ® DROPLET
® MAGNETIC BURNING ® UNIQUE GLASSES o ELECTROOPTIC
® CELL ® DIRECTIONAL COMPOSITES THIN FILMS
CULTURING SOLIDIFICATION ® FIRE SAFETY/ ® METALLIC
® SUPERALLOYS CONTROL GLASSES ® MICROSPHERES
® TISSUE ¢ FLOAT ZONE
PRESERVATION REFINING L] _gg_wm_w—.m ® IGNITION & MEMBRANES
ALLO
® VAPOR ® CATALYSTS
CRYSTAL @ METAL FOAMS.
GROWTH
& METALLIC
® GRADIENT GLASSES
FREEZE
PROCESSING
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MATERIALS DIVISION A=A NI

ML TG AND SOLIOWICA TION

Microgravity Materials Science Laboratory

«
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NNASN
OFFICE OF
COMMERCIAL
PROGRAMS

LOW-GRAVITY EXPERIMENTATION
IN THE KC135

15-30 SECONDS LOW G TIME

POWER: 28VDC 80 AMP
110VAC 400 H2z 50 AMP
110VAC 60 Mz 25 AMP

LIQUID AND GASEOUS NITROGEN
VENT SYSTEM

MANY PARABOLAS PER FLIGHT
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NASA
OFFICE OF
COMMERCIAL
PROGRAMS

OFFICE OF COMMERCIAL PROGRAMS
EARTH OBSERVATION PROGRAM

UH-18
HELICOPTER
GSFC

T-39
SABRELINER
GSFC

C-1308
AMES

AVAILABLE AIRCRAFT

L-188
ELECTRA
P-3 GSFC
ORION
GSFC

o
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NNSN

OFFICE OF

seocrams ~ FLIGHT PROGRAMS -- RESEARCH AIRCRAFT

® LOCKHEED U-2
CENTER : AMES RESEARCH CENTER

ROLE : EARTH RESOURCE DATA ACQUISITION

SENSORS: HIGH ALTITUDE MULTISPECTRAL SCANNER
AIRBORNE COASTAL ZONE COLOR SCANNER
AIRBORNE OCEAN COLOR SCANNER
LINEAR ARRAY SCANNER
METRIC CAMERAS
HIGH RESOLUTION PANORAMIC CAMERAS

PERFORMANCE: ALTITUDE : 65,000 FT (CRUISE), 7,000 FT (MAX.)

RANGE 2,500 NAUTICAL MILES

DURATION: 6.5 HOURS

SPEED : 400 KNOTS TRUE AIR SPEED
PAYLOAD : 750 LBS., Q-BAY: 100 LBS., CANOE;

600 LBS., WING PODS
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NNASN

OFFICE OF

SROGRANS SPACE STATION UTILIZATION

SPACE MEDICINE

o DEVELOPFOUNDATIONS FOR HUMAN HEALTH
AND PRODUCTIVITY

® EXPAND THE PHYSIOLOGICAL TOLERANCE
LIMITS

® TESTEED FOR FUTURE MISSIONS

GRAVITATIONAL BIOLOGY

® DETERMINE GRAVITY SENSING MECHANISMS
OF PLANTS AND ANIMALS

® UNDERSTAND DEVELOPMENT, MATURATION,
REPRODUCTION, AND ADAPTABILITY OF
PLANTS AND ANIMALS

EXOBIOLOGY

® UTILIZE PLATFORMS FOR THE COLLECTION OF
INTERPLANETARY DUST PARTICLES

® USE LABORATORY FACILITIES FOR SAMPLE
ANALYSIS AND MODELING STUDIES OF
INTERPLANETARY/INTERSTELLAR
ENVIRONMENTS

BIOSPHERICS

USE AS AFACILITY TO STUDY LIFE
PROCESSES ON A GLOBAL SCALE
{LONG-TERM, CONTINUOUS
OBSERVATIONS

PRIVATE SECTOR

COMMERCIAL PRODUCTS
COMMERCIAL SERVICES

CELSS

DEVELOP BIOREGENERATIVE LIFE
SUPPORT SYSTEMS

OPTIMIZE PLANT GROWTH
TECHNIQUES

EXPAND STAY TIME IN SPACE
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PSR, MDAC ELECTROPHORESIS OPERATIONS

COMMERCIAL

PROGRAMS —z m‘>nm
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NASA

OFFICE OF
SROGRAMS POINTS OF CONTACT
-1 £0S - CONTINUED 1§ ~ CONTINUED

MCROSAAVITY MATIMALS SOUNCE LABORATORY
MAL STOP 1051

MASA LEVWS R SEARCH CONTIR

21000 BAOOEPARK AOAD

CLIVELAND, ON 44138

a18)a03-301)

O ROBERT NALMANN

wasa
MARSHALL SPACE FLISHT CINTER. AL 20812
(2eg) 548-7735

$00 MARYLAND AVENUL. 5.W.
WASHINGTON, 0.C. 20048
ae2)esd-1e8e

RAYMOND F. weaTTEN
DEPUTY DIRECTOR

OEVELOPMENT
BASA COOE CC

08 INDEPENDENCE AVENUL, $.W.
WALHINGTON, D.C J05ed
2e2) 413- 1009

CARTH SCHENCT AND APPLICATIONS
MASA CODE TY

80 INOEPENDENCE AVINUE, S.W.
WASHINGTON, 0.C. 20546
(202)833-179¢

COMMERCIAL DEVELOPMENT DVISION
MALA COOE CC

600 MOLPENDENCE AVENUE, $.W.
WASHINGTON, 0.C. 10546

{202) 8331990

OR. ALLEN FEDER
NATIONAL ACCOUNT MANAGIA

DOEMGAEAT MARWACK COMMENGIAL USES OF SALE
600 MARYLAND AVENUL, 5. W, SUITE 435
WASHINGTON, D.C. 10814

Qenar-aw

4

LAURANCE MILOV

OMICTOA

COMMERCIAL LIFE SCHNCES WORKING SAOUP
AMES RESEARCH CENTIR

MAL CODE 204-10

MOFFETT FULD. CA al)S

429) §94-4044

00 INDEPENDINCE AVENAL S.W.
WASHINGTON, D.C. 20848
Q02) 4531390

RAYMOND P, WITTEN

00 MARYLAND AVENUE, $.W., SUITE 458
WASHINGTON, D.C. 20024
(M02) 4130200

JACK YADVISNH

CHig#

COMMERCIAL AGAE EMENTS BRANCH
NASA CODI CC

$08 INDEIPENDENCE AVENUE, S.W.
WASHINGTON, D.C. 20346
{e2)453-210)

IECHNOLOGY UTWZATION

NENRY CLARKS

DIRECTOR

TECHNOLOGY UTRIZATION DIVISION
RASA CODE CU

$00 WOEPENDENCE AVENUE, S.W.
WASHINGTON, D.C. 20346
aex)a534722

SMALL BUSINESS NN OVATION RESIARCH
NASA CODE O

00 INDEPENDENCT AVENUL, S.W.
WASNINGTON, D.C. 20544

Qe2) 4534041

MR DEVELOPMENT

05L& MUTTER
DMECTOR

00 MARYLAND AVENUL, §.9_, SANTT 466
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